Objectives. SSc is a devastating disease that results in fibrosis of the skin and other organs. Fibroblasts are a key driver of the fibrotic process through deposition of extracellular matrix. The mechanisms by which fibroblasts are induced to become pro-fibrotic remain unclear. Thus, we examined the ability of SSc keratinocytes to promote fibroblast activation and the source of this effect.
Introduction
SSc is a rare but devastating disease of fibrosis affecting the dermis and multiple organ systems. The prevalence ranges from 4 to 489 cases per million individuals [1, 2] , with 10-year mortality rates reported as $18% [3] . SSc can be subclassified as lcSSc, defined by involvement of skin sclerosis restricted to distal to the elbows and knees, and dcSSc, defined by extensive skin sclerosis extending proximal to the elbows and knees. Survival is associated with the extent of skin involvement [4] , yet the precise mechanisms driving skin fibrosis in SSc remain unknown.
SSc patients have increased collagen and extracellular matrix synthesis driven by fibroblast activation [5] , which is characterized by transformation of fibroblasts to myofibroblasts. This is detected phenotypically by increased asmooth muscle actin (a-SMA) expression and synthesis of collagen type 1 (COL1A1) [6] . Several factors have been implicated in myofibroblast differentiation, including TGF-b [7, 8] , vascular endothelial growth factor [9] , IL-13 activation of STAT6 [10] and toll-like receptor (TLR) ligands [11] .
SSc skin has been found to express markers of inflammation and the epidermis has been a recent area of study. c-Rel, a subunit of nuclear factor kB (NF-kB), has been found to have abnormal expression in SSc keratinocytes; c-Rel null mouse models of bleomycin-induced skin fibrosis are protected [12] . Keratinocyte growth factor, which is increased in SSc fibroblasts, stimulates normal keratinocytes to secrete oncostatin M, which activates fibroblasts. Whole SSc epidermal sheets co-cultured with fibroblasts promote fibroblast contraction and expression of ET-1 and TGF-b, an effect mitigated by IL-1RA [13] . These data highlight the potential for crosstalk between keratinocytes and the dermis. In this study we evaluated the effects of lcSSc and dcSSc keratinocytes on fibroblast function in order to examine keratinocytes as a contributing factor to the pathogenesis of SSc.
Methods

Patient recruitment and keratinocyte acquisition
Procedures in this study were approved by the University of Michigan Medical Institutional Review Board (HUM00065044). Patients provided written consent to participate in the study. All subjects fulfilled 2013 ACR/ EULAR criteria for SSc [14] and were subclassified as lcSSc and dcSSc based on Leroy criteria [15] . The demographic and clinical features of SSc and control patients are shown in supplementary Tables S1 and S2, available at Rheumatology Online. All skin biopsies were acquired via two 4 mm punch biopsies from the patients' nondominant mid outer forearm 34 inches from the ulnar styloid. Local modified Rodnan skin score (MRSS) ranged from 1+ to 2+ for dcSSc biopsies and all lcSSc biopsies, except one that had an MRSS of 0. To isolate keratinocytes, the epidermis was separated from the dermis and incubated at 37 C in basal media containing 0.17% trypsin for 2 h. Keratinocytes were initially selected in growth medium (EpiLife, Life Technologies, Grand Island, NY, USA) with keratinocyte growth factor supplementation (Life Technologies) and 2% foetal bovine serum (FBS; Sigma, St Louis, MO, USA) on 12 mm (24-well) Primera plates (BD, Franklin Lakes, NJ, USA). After 3 days, keratinocytes were switched to keratinocyte growth medium without FBS to prevent epithelialization and fibroblast contamination. Keratinocyte purity was confirmed via cellular morphology. Cells were passaged at 60% confluence, first onto a 6-well plate (p0) and then onto a 100 mm plate (p1). Three days after passage 2, conditioned media was collected and stored at À80 C and 5 Â 10 5 cells will be saved for RNA in Tripure (Roche, Basel, Switzerland).
Healthy control fibroblast culture conditions
Skin samples were obtained as above. The separated dermis was digested with 0.2% collagenase and grown in Roswell Park Memorial Institute (RPMI; Lonza, Walkersville, MD, USA) medium plus 10% FBS and 1% penicillin and streptomycin at 37 C incubation. Fibroblasts were split 1:3 every 5 days. All fibroblasts were maintained in RPMI supplemented with penicillin (400 U/ml), streptomycin (50 mg/ml) and 10% FBS. All experiments were performed on fresh normal fibroblasts between passages 1 and 4. At 80% confluence, fibroblasts were serum starved for 24 h in RPMI with 1% FBS as previously described [16] . This was followed by incubation with 50% RPMI (1% FBS) and 50% keratinocyte conditioned media for 24 or 72 h. Fibroblasts treated with 10 ng/ml rhTGF-b served as the positive control for promotion of myofibroblast phenotype (Cell Signaling Technology, Danvers, MA, USA). Fibroblasts treated with keratinocyte growth media served as a negative control. For neutralization studies, the fibroblasts were incubated for 30 min with 2.5 mg/ml TGF-b antibody (R&D Systems, Minneapolis, MN, USA; clone 1D11) in RPMI in 1% FBS prior to stimulation with keratinocyte conditioned media.
Real-time quantitative PCR
Total RNA was purified using a Direct-Zol RNA kit (Zymo Research, Irvine, CA, USA). RNA was quantified utilizing a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Grand Island, NY, USA). One microgram of RNA was then transcribed to complementary DNA with oligo(dT) using a Peqlab (Wilmington, DE, USA) thermocycler. Realtime PCR was completed with the assistance of the University of Michigan DNA sequencing core on an ABI Prism 7900HT (Applied Biosystems, Waltham, MA, USA). Cycle times were normalized to beta-actin and graphed as fold-change expression over healthy keratinocytes using 2
ÀÁÁCT
.The primers used are as follows: a-SMA 5 0 -CGTG GGTGACGAAGCACAG-3 (forward) and 5 0 -CGTGGGTGACG AAGCACAG-3 (reverse); COL1 5 0 -AAGGTCATGCTGGTCTT GCT-3 (forward) and 5 0 -GACCCTGTTCACCTTTTCCA-3 (reverse); TNF-a 5 After stimulation, cells were fixed in 4% formalin for 30 min at room temperature and then permeabilized with ice-cold methanol for 5 min at 4 C. The cells were then blocked with 5% donkey serum and stained at room temperature for a-SMA expression using a well-defined polyclonal antibody [17] (Abcam, Cambridge, MA, USA) at a concentration of 2 mg/ml followed by staining with 5 mg/ml secondary FITC fluorescent conjugated antibody (Life Technologies) and counterstaining with 4 0 ,6-diamidino-2-phenylindole (DAPI; BD Bioscience, San Jose, CA, USA). Fixed cells were imaged on an Olympus IX70 inverted fluorescent microscope (Olympus, Center Valley, PA, USA) with a 40Â air objective. Illumination was provided by the X-cite series 120 metal halide light for fluorescence (EXFO, Mississauga, ON, Canada). FITC was measured with a 498 nm excitation and 520 nm emission filter and DAPI was measured using a 352 nm excitation and 461 nm emission filter. Optical filters were from Chroma Technology (Bellows Falls, VT, USA). Images were acquired by the CoolSNAP HQ2 camera (Photometrics, Tucson, AZ, USA) and recorded with MetaMorph software (Molecular Devices, Sunnyvale, CA, USA). At least 20 images were taken per slide. MetaMorph software was used to analyse all images. Shade and bias corrections were performed and the average background fluorescence was subtracted from the images. After correction, DAPI (nuclear stain) and FITC (a-SMA or TGF-b) images were combined into a redgreenblue overlay to allow for easy visualization of cells. A region was created that encompassed cells or a skin section of interest and defined the area to be measured. The DAPI image was used to record the number of nuclei using MetaMorph's Count Nuclei application. Integrated fluorescence values and areas were recorded for the FITC images. The mean immunofluorescence per cell was calculated by dividing the integrated fluorescence by the number of pixels (area) and dividing again for the number of nuclei in that region: mean immunofluorescence per cell = (integrated fluorescence/area)/number of cells.
Skin immunofluorescence
Paraffin-embedded preparations of normal skin and SSc tissue were incubated with 4% paraformaldehyde for 20 min, washed with PBS, then blocked with 10% donkey serum at room temperature for 1 h. Rabbit antihuman TGF-b primary antibody (Abcam) was applied at a 1:100 dilution for 12 h at 4 C. The slides were washed and the FITC-labelled secondary antibody (Life Technologies) was added at a dilution of 1:400 for 1 h at room temperature. The slides were again washed with PBS and DAPI counterstaining was performed with Hoechst 1:200 dilution (BD Bioscience). Microscopy was performed and immunofluorescence was quantified through MetaMorph as discussed above.
Skin immunohistochemistry
Five micrometre frozen sections of SSc skin biopsies were obtained and utilized for CCL5 staining. The sections were baked at 37 C for 1 h, fixed with 4% paraformaldehyde for 20 min and then boiled in 10 mmol/l citric acid buffer for 10 min for antigen retrieval. BLOXALL Blocking Solution (Vector Laboratories, Burlingame, CA, USA) was used to block endogenous peroxidase and alkaline phosphatase activities. CCL5 immunostaining was performed using an ImmPRESS Reagent Kit (anti-mouse IgG; Vector Laboratories). Briefly, the sections were blocked with normal goat serum for 30 min, then they were incubated overnight at 4 C with primary mouse monoclonal antihuman CCL5/RANTES antibody (12.5 mg/ml) diluted in PBS containing 1% BSA (R&D Systems). Negative controls were incubated with the same concentration of matching IgG isotype. The reaction was visualized using an ImmPACT DAB Kit (Vector Laboratories). Sections were counterstained with haematoxylin (Thermo Fisher Scientific) and the slides were dehydrated in alcohol, cleared in xylene and mounted.
Supernatant cytokine measurement
Normal human and SSc keratinocytes were grown to 90% confluence in a 12-well plate. For measurement of TGF-b, keratinocyte cultures were stimulated with 5 mg/ml peptidoglycan, 1 mg/ml PolyI:C or 1 mg/ml lipopolysaccharide. Cells were stimulated for 24 h and culture media was saved for ELISA. TGF-b1 ELISA was performed per the manufacturer's instructions (eBioscience, San Diego, CA, USA).
Transcriptomic analyses
Transcriptomic analysis of keratinocytes was performed using Affymetrix ST2.1 GeneChips via the University of Michigan DNA Sequencing Core. The resulting CEL files passing the quality controls were from seven lcSSc, five dcSSc and seven normal skin samples. CEL files were normalized, log transformed, and analysed using ChipInspector software (Genomatix Software, Munich, Germany; www.genomatix.de) as previously described [18] . We used one class of exhaustive matching to detect the differentially regulated genes in the keratinocytes from diffuse fibrosis and limited skin disease compared with normal. We applied a false discovery rate of <1% on all datasets to detect the significantly regulated genes. A normalized data file was uploaded to the Gene Expression Omnibus website (http://www.ncibi.nlm.nih. gov/geo/) under accession number GSE81072 and will be available upon acceptance of this manuscript. Significantly regulated genes were analysed by creating biological literature-based networks using Genomatix Pathway System software. Canonical pathways were identified using Ingenuity Pathway Analysis software (www.ingenuity.com).
Statistical analysis
Results are expressed as mean (S.E.M.). Comparisons between two groups were made using a two-tiered unpaired Student's t-test. Correlations of real-time quantitative PCR gene expression data were completed via linear regression using GraphPad Prism software (GraphPad Software, La Jolla, CA, USA). P-values <0.05 were considered statistically significant.
Results
SSc keratinocyte conditioned media promotes transition of normal fibroblasts to myofibroblasts Fibroblast activation, a central component of SSc, is characterized by COL1A1 and a-SMA expression [6] . Previous studies have demonstrated the presence of epidermaldermal crosstalk as a possible contributing factor to SSc pathogenesis [13] . In order to establish the extent to which SSc keratinocytes may influence fibroblast activation, we incubated fresh fibroblasts from healthy subjects with conditioned media from SSc and normal patient keratinocytes. After 24 h, fibroblasts were harvested in Tripure and real-time PCR was performed to assess for expression of COL1A1 and a-SMA (Fig. 1A) . The experiment was replicated on two separate freshly isolated primary fibroblast cultures. Fresh fibroblasts were found to have a significant increase in COL1A1 and a-SMA expression when treated with SSc keratinocyte conditioned media compared with normal keratinocyte conditioned media (Fig. 1BD) . These data suggest that SSc keratinocytes secrete pro-fibrotic factors that contribute to fibroblast activation. Representative microscopy demonstrating a-SMA staining after exposure to SSc keratinocyte conditioned media (left) or normal keratinocyte conditioned media (right). Size bar = 50 mm. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
www.rheumatology.oxfordjournals.org whether keratinocyte-derived TGF-b was driving fibroblast activation in SSc. Paraffin-imbedded slides were stained with TGF-b. Microscopy was performed and the mean immunofluorescence/area was calculated using MetaMorph. We found no significant difference between TGF-b expression in lcSSc, dcSSc or normal epidermis ( Fig. 2A and B) . TGF-b expression was increased in dcSSc dermis compared with epidermis consistent with previous reports [22] . We were unable to detect TGF-b secretion from SSc keratinocytes by ELISA (data not shown). To confirm that TGF-b was not responsible for keratinocyte-mediated fibroblast activation, a TGF-b neutralizing antibody was then added to fresh fibroblasts prior to stimulation with keratinocyte conditioned media.
Immunofluorescence microscopy was performed 72 h later. No difference in fibroblast a-SMA expression was seen with TGF-b neutralization (Fig. 2C) . The efficacy of the neutralizing antibody was confirmed with control experiments showing a significant reduction in a-SMA expression after stimulation with rhTGF-b in cells pretreated with TGF-b neutralizing antibody (Fig. 2D) . These data confirm that while SSc keratinocytes can activate myofibroblast transformation, this effect is independent of TGF-b.
Transcriptomic comparison of SSc and normal keratinocytes identifies NF-kB activation and PPAR-g repression as common changes in lcSSc and dcSSc keratinocytes In order to capture differential expression changes and identify other pathways that may contribute to fibroblast activation by SSc keratinocytes, comparison of transcriptional profiles from seven lcSSc, five dcSSc and seven normal samples was completed using strict criteria (q < 0.01 and a fold change 51.5 for upregulated genes and 40.6 for downregulated genes). The top 20 up-and downregulated genes in dcSSc and lcSSc compared with normal keratinocytes are highlighted in supplementary  Table S3 , available at Rheumatology Online. As both dcSSc and lcSSc keratinocytes demonstrate fibroblast activation, we focused on their common molecular signature to identify potential contributors to this phenotype. The Genomatix Pathway System highlighted major nodes regulated in both dcSSc and lcSSc that included the transcription factors NF-kB1 (upregulated) and PPARg (downregulated) (Fig. 3) . Transcription factor analysis showed that the list of genes commonly differentially regulated in both diseases was enriched in genes having potential binding sites in their promoter for NF-kB1 and PPAR-g (supplementary Table S4 , available at Rheumatology Online and Table 1 ). Ingenuity Pathway Analysis software identified canonical pathways involved in both dcSSc and lcSSc, including eukaryotic initiation factor 2 (EIF2) signalling, L-cysteine degradation II and pyrimidine ribonucleotides interconversion (Table 2) . Upstream regulator analysis identified a significant link between thioredoxin interacting protein, which is upregulated in both dcSSc and lcSSc, and activation of NF-kB, suggesting a possible role for oxidative stress in upregulation of NF-kB in SSc (supplementary Table S5 , available at Rheumatology Online).
Unique transcriptomic features of dcSSc and lcSSc
Major nodes unique to dcSSc vs normal were downregulated and included TGF-b1, MMP2 and IL-1b (Fig. 3) . Major nodes unique to lcSSc compared with normal were upregulated and included CCL2, MMP1 and 3, FGF2, RUNX2 and COL1A1. Top transcription factors identified in dcSSc compared with normal were SMAD4, JUNB, STAT2 and IRF9, while RUNX2 and KLF4 were identified in lcSSc (supplementary Table S4 , available at Rheumatology Online).
CCL5 is increased in SSc keratinocytes
Real-time PCR confirmed upregulation of NF-kB1 in SSc keratinocytes and no significant change in PPAR-g or TGF-b in SSc compared with control keratinocytes (Fig. 4A) . As PPAR-g and NF-kB have been noted to be opposing regulators of CCL5 [23] , a chemokine with strong links to scleroderma pathogenesis [24] , we evaluated expression of CCL5 and two other NF-kB-regulated cytokines, IL-6 and TNF-a, in SSc keratinocytes via realtime PCR. Consistent with a pattern of NF-kB activation and PPAR-g inhibition, all three cytokines were upregulated in SSc keratinocytes as compared with controls (Fig. 4A) . Importantly, there was a strong correlation between NF-kB upregulation and all three examined NF-kBregulated genes (P = 0.004, R 2 = 0.718 for CCL5; P = 0.004, R 2 = 0.725 for TNFAI; P = 0.024, R 2 = 0.540 for IL6) but not for TGFB1 (P = 0.152, R 2 = 0.269) (Fig. 4B) .
Expression of NF-kB and its regulated genes also correlated with patients' MRSS (Fig. 4C) . Further support for the imbalance of NF-kB and PPAR-g was noted through immunohistochemistry, which identified increased CCL5 expression in basal keratinocytes of SSc skin biopsies but minimal CCL5 staining in healthy control epidermis (Fig. 4D ). Together these data support a functional dysregulation of cytokines positively regulated by NF-kB and negatively regulated by PPAR-g in SSc keratinocytes.
Discussion
SSc is a disease associated with significant morbidity and mortality but lacks clear biomarkers or defined therapeutic targets.
In this study we demonstrate that lcSSc-and dcSSc-derived keratinocytes have pro-fibrotic effects on normal primary fibroblasts as manifested by ASMA and COL1A1 mRNA and protein expression. This pro-fibrotic effect is not related to keratinocyte production of TGF-b. Expression analysis of SSc and normal keratinocytes identified NF-kB and PPAR-g as commonly, and oppositely, dysregulated nodes in both lcSSc and dcSSc, indicating that inhibition of NF-kB or downstream cytokines or activation of PPAR-g may have therapeutic benefits in SSc.
Crosstalk between keratinocytes and the dermis has recently come under investigation [13] . Although SSc fibroblasts have received attention in the scientific 
FIG. 3 Transcriptional networks from dcSSc and lcSSc identify overlapping and unique pathways
There were 123 genes regulated in the same direction in the 135 genes commonly regulated in both diseases. The pictures display the 100 best-connected genes (most relevant genes/interactions) co-cited in PubMed abstracts in the same sentence linked to a function word (e.g. gene A activates gene B). Orange represents the genes that are upregulated and green represents the genes that are downregulated in disease compared with normal.
literature, few studies have focused on the SSc keratinocyte. Aden et al. [25] demonstrated that incubation of whole epidermis of SSc patients could promote contraction of fibroblast-populated collagen lattices. This process was antagonized by IL-1RA and possibly mediated by S100A9. Our data, which analyse the contributions of a pure primary keratinocyte population from SSc skin, support this study and describe a role for this specific cell population in pro-fibrotic effects.
Past studies have demonstrated conflicting results regarding expression of TGF-b in the epidermis. One study demonstrated increased immunofluorescence staining of TGF-b in dcSSc epidermis compared with control epidermis. However, this analysis was performed with a subjective grading scale [26] . In contrast, another study demonstrated no difference in TGF-b production by ELISA in normal and dcSSc whole epidermis [27] . We did not detect TGF-b production by SSc keratinocytes basally or with TLR stimulation, and our data suggest that TGF-b does not participate in pro-fibrotic epidermaldermal crosstalk despite its importance in the pro-fibrotic process [19, 20, 28] . This is particularly pertinent given recent data that fresolimumab, an anti-TGF-b antibody, decreases expression of TGF-b biomarker genes and decreases MRSS in a small sample of early dcSSc patients [29] . Our data would suggest that anti-TGF-b therapy might not be as robust a candidate for possible topical application.
Commonly regulated pathways in both dcSSc and lcSSc keratinocytes likely are responsible for the promotion of fibrosis by keratinocytes in both subsets. Through microarray, we were able to identify two interesting targets for future study. NF-kB1 and PPAR-g were commonly upregulated and downregulated in dcSSc and lcSSc keratinocytes, respectively. NF-kB is a ubiquitous transcription factor that plays an integral role in inflammation, immune system regulation and autoimmunity and has been identified in genome-wide association studies to be a probable SSc risk factor [30] . c-Rel, a subunit of NF-kB, has been implicated in fibrosis in cardiac and liver studies [31, 32] . Interestingly, NF-kB1 knockout mice are not protected from bleomycin-induced skin injury, but this does preclude inflammatory signalling downstream of NFkB1 activation from having pro-fibrotic effects in humans [12] . PPAR-g is a ligand-dependent nuclear receptor that has anti-fibrotic effects when activated. Importantly, a variant of PPAR-g has been associated with SSc [33] , and in vivo studies of a PPAR-g agonist demonstrate diminished skin fibrosis [34] . PPAR-g knockout mice have increased susceptibility to bleomycin-induced fibrosis [35] , suggesting that the repression of PPAR-g in SSc keratinocytes may also promote pro-fibrotic effects. Importantly, PPAR-g activation can repress NF-kBinduced inflammation in the skin [36] . This suggests that the interaction between these two transcription factors may be a central regulatory mechanism by which SSc keratinocytes can promote fibrosis.
CCL5, a chemokine that is known to be positively regulated by NF-kB and negatively regulated by PPAR-g, has been linked to SSc in the skin [37] and peripheral blood [38, 39] . CCL5 is stimulated by pro-inflammatory markers such as TNF and IL-1b [40] and can subsequently lead to production of IL-6 [41] , a cytokine associated with the extent of skin disease in SSc [42] and one we found was also upregulated in SSc keratinocytes. Furthermore, CCL5 has been implicated in a single-nucleotide polymorphism (SNP)SNP interaction that may increase the risk of SSc development [24] . Blockade of the CCL5 receptors CCR1 and CCR5 suppresses renal fibrosis and bleomycin-induced pulmonary fibrosis, respectively [43, 44] . Thus we propose that SSc keratinocytes have decreased expression of PPAR-g, leading to increased NF-kB1 and subsequent CCL5 production, which may lead to pro-fibrotic effects on fibroblasts. We acknowledge that other factors, not detectable by microarray, including lipid mediators, prostaglandins and some microRNAs may also be playing a role in keratinocytefibroblast crosstalk.
Of note, we found a general repression of type I IFNregulated transcripts in both lcSSc and dcSSc keratinocytes. The role of type I IFN may be cell specific in SSc skin. Type I IFN-regulated genes are increased in SSc biopsies, especially in association with endothelial cells and vascular dysfunction in this disease [45, 46] . Whole skin biopsies have shown type I IFN gene upregulation to be associated with macrophage-associated genes [47] . Intriguingly, like our data, single-cell analysis of fibroblasts shows repression of type I IFN-regulated genes [48] . In both dcSSc and lcSSc patients we see a general repression of IFN-k, a keratinocyte-specific type I IFN important for cutaneous lupus [49] , and this may be one mechanism by which type I IFN signatures are decreased in SSc keratinocytes. Interestingly, previous global whole skin expression studies in SSc patients have demonstrated increased keratin transcripts [50] . We also noted increased keratin expression in both lcSSc and dcSSc samples. Assassi et al. [50] speculate that an upregulated keratin signature reflects upstream activation of the Wnt/ b-catenin signalling, providing another possible target for future investigation. Our data provide compelling evidence that keratinocytes are involved in the pathogenesis of SSc and that fibroblast activation by keratinocytes does not involve TGF-b. Abnormal regulation of PPAR-g and NF-kB pathways may be central to the promotion of keratinocyteinduced fibroblast activation through CCL5 and additional downstream cytokines. T32AR007080 and the Scleroderma Foundation. S.S.M. was supported by the US Department of Veterans Affairs. 
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Supplementary data are available at Rheumatology Online.
FIG. 4 NF-kB-regulated cytokines are increased in SSc keratinocytes
(A) Real-time PCR was completed on RNA from nine SSc and five healthy control keratinocyte cultures for the indicated genes. Data are expressed as fold change (FC) in the SSc sample vs the average of healthy controls. Graphs represent the mean (S.E.M.). Significance was analysed via Student's unpaired t-test. *P < 0.05, **P < 0.01. (B) FCs of indicated genes were plotted vs the FC of NF-kB and linear regression was completed (indicated lines). (D) FCs of indicated genes were plotted vs MRSS for each patient. Linear regression was performed. *P < 0.05, **P < 0.01. NS, not significant. (C) Representative CCL5 immunohistochemistry from three healthy controls and seven SSc patients. Scale bar = 100 mm.
www.rheumatology.oxfordjournals.org
